Raw and treated sewage samples were examined for antibiotic-resistant, lactosefermenting bacteria. Approximately 1% of the total lactose-fermenting bacteria were multiply resistant. Of these organisms, 50% were capable of transferring all or part of their resistance to a drug-sensitive recipient. Only 43% of those isolated on media containing a single antibiotic were capable of resistance transfer, whereas 57% of those recovered on multiple antibiotic plates transferred resistance. R factors conferring resistance to chloramphenicol, streptomycin, and tetracycline; streptomycin and tetracycline; and ampicillin, streptomycin, and tetracycline accounted for 22, 19, and 15%, respectively, of those identified. The data indicate a significant level of infectious drug resistance among the intestinal bacteria of the urban population.
Since its discovery in Japan in 1959 (10) , infectious drug resistance, mediated by episomal elements known as R factors, has been shown to be an important factor in the spread of multiple antibiotic resistance among all members of the Enterobacteriaceae as well as to unrelated gramnegative bacteria such as Pseudomonas aeruginosa, Vibrio cholerae, and Pasteurella pestis (7) . The major selective force favoring the emergence of drug-resistant bacteria is antibiotic usage (5) . Thus, it is not surprising that the wide distribution and high incidence of R factors among gramnegative bacteria have been noted mainly among clinical isolates associated with human and animal disease (1) . Datta (2) recently estimated that approximately 50% of all clinically isolated gramnegative potential pathogens are resistant to one or more antibiotics and that this resistance is largely determined by R factors. Currently, there is little information available on the incidence of resistance and of R factors among nonclinical isolates of gram-negative bacteria.
This study was undertaken to assess the incidence of antibiotic resistance and of R factors among lactose-fermenting organisms isolated from raw and treated sewage. Since R factors have been identified among the gram-negative intestinal flora of presumably healthy individuals (2, 8) , their detection and characterization among bacteria found in sewage could serve as an indication of the level of infectious drug resistance existing in the general population of the community.
MATERIALS AND METHODS
Sewage samples. Duplicate grab samples of both influent and effluent sewage were obtained from five sewage treatment plants in Jefferson County, Alabama, on two different occasions. All samples were collected in sterile bottles and processed in the laboratory within 3 hr of their collection in the field.
Isolation of resistant bacteria. All sewage samples were serially diluted in TM buffer [1.21 g of tris (hydroxymethyl)aminomethane, 8 .75 g of NaCl, and 2.47 g of MgS04.7H20, per liter of distilled water adjusted to pH 7.1 with HC1]. Appropriate dilutions in duplicate 0.1-ml portions were plated onto plain MacConkey Agar (BBL) to obtain estimates of the total number of lactose-fermenting bacteria. Estimates of the number of antibiotic-resistant lactose fermenters in each sewage sample were obtained by plating duplicate 0.1-ml portions of suitable dilutions onto MacConkey Agar containing the following antibiotics, separately or in combination: gentamicin, 10,pg/ml; chloramphenicol, 5,pg/ml; dihydrostreptomycin, 10 pg/ml; tetracycline, 5 pg/ml; and ampicillin, 10 og/ml. Lactose-fermenting colonies growing on antibiotic-containing MacConkey Agar were picked to 1 ml of TM buffer and restreaked onto MacConkey Agar containing the same antibiotic as the medium from which the original isolate was made for pure colony isolation. A single, well-isolated colony was then inoculated to a Kligler Iron Agar (BBL) slant 918 which, after overnight incubation at 37 C, served as a stock culture. Each isolate was subsequently identified by the methods outlined by Edwards and Ewing (3) .
Antibiotic sensitivity testing. Drug resistance patterns of all bacterial strains were determined by spreading 0.1 ml of a 3-to 4-hr broth culture of the organism to be tested onto drug-free Brain Heart Infusion Agar. Sensi-discs (BBL) were dispensed onto the surface of the seeded plates. After incubation at 37 C for 18 to 24 hr, plates were examined for areas of growth inhibition surrounding the discs. The following antibiotics were used to determine patterns of resistance: ampicillin, 10 the numbers present in the raw influents and those present in the treated effluents from these plants. The incidence of lactose-fermenting bacteria resistant to streptomycin or tetracycline varied from 0.01 to 1% of the total, whereas the incidence of lactose fermenters resistant to chloramphenicol was found to be about 10-to 100-fold less than this. There was no significant difference in the incidence of drug-resistant bacteria in raw or treated sewage. No lactose-positive colonies were isolated on media containing 10 ,ug of gentamicin per ml. On all of the antibiotic selective media, the number of lactosenegative colonies observed was 10-to 50-fold greater than the number of lactose-positive colonies. On media containing gentamicin, approximately 102 to 102 lactose-negative colonies per ml were observed. Drug-resistant lactosenegative colonies were not studied further.
From the selective media containing either streptomycin, tetracycline, or chloramphenicol, a total of 118 lactose-positive colonies were picked and purified by restreaking to a second set of selective plates. Of these, 106 were found to be E. coli, whereas 12 were designated E. intermedia Abbreviations: Am, ampicillin; C, chloramphenicol; Cf, cephalothin; Ds, dihydrostreptomycin; Te, tetracycline.
b Numbers given in parentheses indicate that only a portion of the resistance pattern was transferred. c In addition to multiple resistance to Am-C-Ds-Te, these patterns include resistance to cephalothin, kanamycin, or nalidixic acid.
because of their ability to utilize citrate and their failure to produce H2S (Bergey's Manual, 7th ed.). The drug-resistance patterns of each of the 118 isolates were determined by using nine different antibiotics. The most common drug-resistance patterns observed and the number of resistant strains capable of transferring all or a part of their resistance pattern to a drug-sensitive recipient are shown in Table 2 . With the exception of four strains that were found to be resistant to tetracycline alone, all of the strains examined were resistant to two or more antibiotics. The most common resistance patterns observed included various combinations of resistance to ampicillin, chloramphenicol, streptomycin, and tetracycline. In addition to multiple resistance against various combinations of these four antibiotics, 46 of the strains showed additional resistance to cephalothin, kanamycin, or nalidixic acid. None of the strains was found to be resistant to colistin or gentamicin. The strains isolated on selective media containing streptomycin exhibited the greatest diversity of resistance patterns and, at the same time, the lowest incidence of transfer; only 10 of the 33 strains tested were capable of transferring all or part of their resistance to the drug-sensitive recipient. On the other hand, 39 of the 85 strains isolated on media containing either tetracycline or chloramphenicol were capable of transferring resistance to the sensitive recipient.
Selective media containing multiple antibiotics.
The results presented in Tables 1 and 2 suggested to us that the incidence of multiply resistant bacteria in sewage was such that such bacteria could easily be detected by the use of selective media containing more than one antibiotic. Consequently, raw sewage and treated sewage from four of the five sewage treatment plants were sampled a second time; appropriate dilutions were plated onto plain MacConkey Agar for an estimate of total lactose-positive bacteria and onto three selective media containing streptomycin and tetracycline and, in addition to these two antibiotics, either ampicillin or chloramphenicol.
The incidence of multiply resistant lactosepositive bacteria relative to the total number of lactose-positive bacteria in treated and raw sewage is shown in Table 3 . Again, it was found that, in general, there were no significant differences either in the total numbers or numbers of multiply drug-resistant, lactose-positive bacteria from one treatment plant to another or between raw and treated sewage from these plants. The numbers of lactose-positive colonies selected by streptomycin and tetracycline and by the combinations of ampicillin, streptomycin, and tetracycline were similar and were found to be approximately 0.01 to 1% of the total number of lactose-positive colonies found in the absence of antibiotics. When chloramphenicol was used in combination with streptomycin and tetracycline, a 10-to 100-fold reduction in the number of resistant colonies, similar to that seen when chloramphenicol alone was used for selection, was observed.
From the selective plates containing multiple antibiotics, a total of 144 lactose-positive colonies were picked and purified by restreaking to a second set of selective media. Subsequent characterization of each of these isolates revealed that 137 were strains of E. coli and that the remaining 7 isolates were identified as Klebsiella (2 strains), Citrobacter (2 strains), and Enterobacter (3 strains). The drug-resistance patterns of all of the 144 isolates were then determined against nine different antibiotics, and each strain was grown in mixed culture with the drug-sensitive recipient to assay for resistance transfer (Table 4) . It was found that 66 of these strains were multiply 
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b Number of recombinants showing pattern. Table 7 .
Three patterns of resistance comprised 56% of the R factors identified: the patterns chloramphenicol-dihydrostreptomycin-tetracycline, dihydrostreptomycin-tetracycline, and ampicillin-dihydrostreptomycin-tetracycline accounted for 22, 19, and 15%, respectively, of all R factors identified. The patterns dihydrostreptomycin and dihydrostreptomycin-kanamycin each accounted for 9% of the R factors identified, whereas no other R factor pattern observed accounted for more than 4% of the total R factors identified. It is of interest to note that resistance to streptomycin or tetracycline occurred in 92 and 77%, respectively, of the R factors identified, whereas streptomycin and tetracycline occurred together in 68% of the R factors.
DISCUSSION
The results of this investigation indicate that approximately 1% of the lactose-fermenting bacteria found in raw and treated sewage are multiply resistant to antibiotics commonly used for the treatment of bacterial infections in man and animals. The numbers of resistant bacteria were found to be similar in both raw and treated sewage. Our results indicate further that multiple resistance is determined by transmissible R factors in at least 50% of the strains picked at random from the various selective media used to determine the incidence of drug resistance in the sewage samples examined. In our judgement, the 50% incidence of infectious drug resistance among these strains most probably represents a minimum estimate. For example, the efficiency of transfer between donors and a particular recipient is at best about 10-1 to 10-2 per donor cell in mixed cultures under optimal laboratory conditions (10); this frequency is markedly reduced in instances in which the donor liberates bacteriophage or bacteriocins to which the recipient strain is sensitive. Anderson (1) demonstrated that the ability to transfer is not always an integral function of episomes carrying resistance markers. In our study, resistant strains which failed to transfer antibiotic resistance by mixed growth with a sensitive recipient in broth were not examined further.
Although this investigation did not distinguish between strains of human and animal origin, it is reasonable to assume that most of the resistant strains examined were of human origin. The The patterns of resistance exhibited by the R factors identified in this study appear to be a reflection of both clinical and nonclinical antibiotic usage. Streptomycin and tetracycline are commonly used in animal feeds (9) and are widely used clinically. Streptomycin resistance and tetracycline resistance were found in 92 and 77% of the R factors identified, respectively; they occurred together in 68% of the R factors. Resistance to chloramphenicol, which is not as widely used, was found in only 30% of the R factors, whereas resistance to gentamicin, which has only recently become available for clinical use, was not detected. Two of the R factors identified (Table 7) , dihydrostreptomycin-tetracycline (19%) and ampicillin-dihydrostreptomycin-tetracycline (15%), are also frequently encountered in E. coli isolated from clinical materials examined in Birmingham, Alabama, hospitals (6) . The R factor most frequently detected in this study, chloramphenicol-dihydrostreptomycin-tetracycline (22 % of the R factors identified), would nothavebeen seen in the absence of chloramphenicol in the selective media used. Thus, although chloramphenicol-resistant organisms were found to exhibit a high degree of transfer, it must be APPL. MICRoBIoL.
emphasized that these organisms were found in numbers 10-to 100-fold lower than streptomycinor tetracycline-resistant organisms (Tables 1  and 3) .
The conclusions to be drawn from this investigation are that multiply antibiotic-resistant coliforms occur in significant numbers in both raw and treated sewage and that in at least 50% of these bacteria resistance is determined by transmissible R factors. Assuming that most of the strains examined were of human origin, the R factors identified by their patterns of resistance and the frequency of specific R factors may reflect the level of infectious drug resistance existing in the intestinal flora of the general population at any given time. Routine surveillance of sewage at periodic intervals for the detection and characterization of prevailing R factors may serve as a means of detecting significant changes in the resistance patterns of prevailing R factors and of detecting changes in the frequency of specific R factors to be found in the general population.
